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Cities occupy 2% of the earth`s surface, and nowadays urban population 
are rapidly increasing in size and complexity. Precisely because of the rising 
urbanization and human activities take a large part for city to require large 
of energy (Madlener & Sunak, 2011) 
Part of this energy is dissipated in the form of heat and this heat 
accumulates since it is entrapped by urban structure. This creates an effect 
known as a heat island, which can raise temperature in densely built-up 
urban zones (Gago & Roldan, 2013).  
Some impacts may be beneficial, such as lengthening the plant-growing 
season, while the negative impacts include: increased energy consumption, 
elevated emissions of air pollutants and greenhouse gases, compromised with 
human health and comfort, also it can impaired water quality (Bisset, 2013).  
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The urban heat island effected to urban dweller in many ways, influencing 
their health and comfort, energy cost, air quality, and visibility levels, water 
availability and quality, ecological services, recreation and overall quality of 
life (Prilandita, 2009) 
Policy makers and the citizen are not particularly aware of the implications of 
a worsening urban heat environment to society and the urban system (Rizwan, 
et al, 2008). 
 Several researches analyzes factors not based on the characteristics of 
certain area 
 
 Researches analyzes UHI only in one or two factors 
 
 Most of the measures only emphasis to making new techniques, not 
considering to the local governments response and policies 
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1. How is the current condition of UHI effects in Surabaya? 
 
2. What are the most significant factors that influencing UHI in Surabaya? 
 
3. How to enhance current strategies for addressing UHI in Surabaya? 
1. To identify the current condition of urban heat island phenomenon and 
effect 
2. To determine the most significant factors that influencing UHI in 
Surabaya 
3. To propose recommendations for enhancing current strategies to 
address UHI in Surabaya 
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1. Current strategies related UHI are from national to city level 
 
2. The strategies can be one or both of adaptation and mitigation 
measures. 
 
3. The meaning of factors in this research is refers to causes and 
measure to address UHI effect in urban planning point of view 
 
4. Analysis method is using DPSIR, PLS and Triangulation analysis 
 
5. Factors is nature and man-made factors, that come from 
elaborating literature review 
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1. This research is limited only to the most significant factors that 
influence UHI in Surabaya and strategies to reduce it in terms of thus 
significant factors 
 
2. The current strategies is the strategies that ongoing implementing in 
Surabaya  
 
3. This study not included climate change and global warming for the 
factors influence of UHI. 
 
4. Using simple formula of PLS analysis 
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Factor Variable Data Definition 
Dependent Variables 
UHI effects (microclimate) 
 
 
 
Urban heat island intensity 
Cooling Degree Days 
Monthly  mean 
temperature 
Measurement how much and how long 
outside temperature was higher than a 
specific base temperature (standard 
temperature for not using air-con) 
Maximum and minimum 
temperature 
Maximum and 
minimum monthly 
temperature 
Measurement for maximum and 
minimum temperature in one specific 
area 
Independent Variables 
Man-made 
 
 
 
Changes in surface cover 
Area of green or open space Demography data The total area that covers with 
vegetation which has managed and 
belong to the municipality 
Area of paving Demography data The total area that covers with paving 
Area of asphalt Demography data The total area that covers with asphalt 
Heat of  individual emitting  Electricity energy consumption Demography data Number of electricity energy that 
people use cooling the building (use of 
air conditioning) 
Air pollution Carbon emission Survey record Emission from equivalencies with the 
number of vehicle 
Changes in surface cover Area of green or open space Demography data The total area that covers with 
vegetation which has managed and 
belong to the municipality 
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Based on Government Regulation No 26/2008 in terms of 
national master plan of Indonesia and Regional Regulation No 
05/2012 in terms of a national master plan of East Java 
Province 2011-2013, Surabaya city is included to 
Gerbangkertosusila region with the main function as a center 
of development in East Java province.  
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Development 
unit 
Functions  
UP Rungkut Housing, education, conservation, 
industry 
UP Kertajaya Housing, commercial, service, 
recreation, conservation area 
UP Tambak Wedi Housing, commercial, service, 
recreation, conservation area 
 
UP Darmahusada Housing, commercial, education, health 
UP Tunjungan Commercial, housing, governance, 
service 
UP Tanjung Perak Port, industries, commercial and services 
UP Wonokromo Housing and commercial service 
UP Satelite Housing and commercial service 
UP Ahmad Yani Housing and commercial service 
UP Wiyung Housing, education, conservation area, 
industry 
UP Tambak Oso 
Wilangun 
Housing, commercial-service, 
warehousing, conservation area 
UP Sambikerep Housing, commercial-service, 
conservation area 
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No Climatology 
Stations 
Perak 1 Perak 2 Juanda 
1 Rainfall  Rainfall intensity: 131mm 
 Total days with rain 14 days 
 Largest rainfall intensity in 
November-April 
 Rainfall intensity: 215mm 
 Total days with rain 20 days 
 Largest rainfall intensity in 
November-April 
 Rainfall intensity: 131mm 
 Total days with rain 17 
days 
 Largest rainfall intensity 
in November-April 
2 Humidity  Average: 70% 
 Maximum: 97% 
 Minimum: 43% 
 Average: 67.5% 
 Maximum: 90% 
 Minimum: 90% 
 Average: 71.1% 
 Maximum: 95.5% 
 Minimum: 47.92% 
3 Atmosphere 
Pressure  
 Average: 1009.4 Mbs 
 Maximum: 1013.1 Mbs 
 Minimum: 1005.2 Mbs 
 Average: 1019.8 Mbs 
 Maximum: 1031.1 Mbs 
 Minimum: 1008.2 Mbs 
 Average: 1009.95 Mbs 
 Maximum: 1012.30 Mbs 
 Minimum: 1007.60 Mbs 
4 Air Temperature  Average: 28.6OC 
 Maximum: 34.1OC 
 Minimum: 23.1OC 
 Average: 28.9OC 
 Maximum: 33.0OC 
 Minimum: 24.8OC 
 Average: 28.5OC 
 Maximum: 34.4OC 
 Minimum: 21.7OC 
5 Solar Irradiation 73% per month 76.9% per month 67.1% per month 
6 Wind Speed Average is 6 knot, wind direction 
from east (April-November) and 
west (December-March) 
Average is 5.5 knot, wind 
direction from east (April-
November) and west 
(December-March) 
No information* 
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JUANDA 
PERAK 2 
PERAK 1 
Figure 4.6 Average Temperature in Three 
Meteorology Stations of Surabaya, 1993-2013 
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Note:  
 Perak station 1 : highest  
temperature: 29.08oC, 
2005 
 Lowest temperature:  
28oC, 1994 
Note:  
 Perak station 2 : 
highest temperature: 
29.93oC, 2001 
 Lowest temperature:  
28.81oC, 2011 
Note:  
 Juanda station:  
      highest  temperature:     
28.38C, 1998 
 Lowest temperature:  
27.43oC, 2011 
Source: www.tuitempo.net 
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Note:  
 The highest average temperature: 29.1oC, 1998 
 The lowest average temperature: 28.17oC, 2011 
 Highest increase 1997-1998 by 0.43oC, highest 
decrease  1998 to 1999 by 0.46oC 
Figure 4.7 Average Temperature in 
Surabaya, 1993-2013  
Note:  
 Maximum temperature is increase 0.5-1oC, 
 Minimum temperature is increase 0.6-1.06oC 
 During 20 years the increase temperature is 1oC 
Figure 4.8 Maximum Minimum Temperature in 
Surabaya, 1993-2013  
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Figure 4.9 Maximum Temperature in Three Meteorology 
Stations of Surabaya, 1993-2013 
Note:  
 Highest max temperature  Perak 2 
(33.78oC,  2012), Perak 1 (33.53oC, 
2005), Juanda (32.86oC, 1996) 
 Lowest max temperature Perak 2 (32.1oC,  
2000), Perak 1 (32.2oC, 1994-1995), 
Juanda (31.78oC, 2011) 
Note:  
 Perak 2  Juanda : 0.92oC 
 Perak 2  Perak 1: 0.09oC 
 Over 20 years the rising temperature in 
Surabaya is 1oC Source: www.tuitempo.net 
21 
22.5
23
23.5
24
24.5
25
25.5
26
1993 1998 2003 2008 2013
minimum temperature in
Perak 1 station
minimum temperature in
Perak 2 station
minimum temperature in
Juanda
Figure 4.10 Minimum Temperature in Three Meteorology 
Stations of Surabaya,  
1993-2013 
Note:  
 Highest min temperature  Perak 2 
(25.83oC,  1998), Perak 1 (25.2oC, 1998), 
Juanda (24.47oC, 1998 and 2010) 
 Lowest min temperature Perak 2 (24.1oC,  
2003), Perak 1 (23.9oC, 1994), Juanda 
(22.56oC, 1994) 
Note:  
 Perak 2  Juanda : 1.4oC 
 Perak 2  Perak 1: 0.51oC 
 Over 20 years the rising temperature in 
Surabaya is 1oC 
Source: www.tuitempo.net 
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COOLING DEGREE DAYS 
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Figure 4.11 CDD in Three Meteorology Stations of 
Surabaya, 1993-2013 
Note:  
 Highest CDD is Perak 2: 344 
 Perak 1 : 333 
 Lowest CDD is Juanda: 309 
Source: www.tuitempo.net 
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Source: Laksono, 2012 
Figure 4.12  Urbanization in Surabaya 2010 
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Sub-district 
Migration to
Surabaya
Mortality
Birth
Provision of Green Space 
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Kind of green space Area (ha) 
Park /green line 1,314,888 
Stadium/sport field 1,304,170 
Graveyard  1,296,155 
Verification of green space 
to municipality  
- 
Total Amount 3,915,213.00 
Kind of green space Place-sub district Area (ha) 
Park /green line Middle of Surabaya 167,710.78 
North of Surabaya 81,699.98 
South of Surabaya 134,705.43 
East of Surabaya 485,703.75 
West of Surabaya 166,426.66 
Stadium/sport field Surabaya 383,200 
Graveyard  Surabaya 1,575,100 
Verification of green space to 
municipality  
Surabaya 
1,172,700 
Total Amount 4,167,246.60 
 According the National Act No 26/2007 on Spatial 
Planning - every city/region should provide a 
minimum 30% open space of the total area in the 
city/regency.  
 2013 the area of public green space in Surabaya 
is 4,167 ha while the standard is 6,609 ha for 
open space, considering that the total area of 
Surabaya is 33,048 ha. 
 
Surabaya municipality has 
effort to provide green 
space with changing open 
space to green space, 
optimize the park, using 
area in gas station for tree 
planting, build city forest, 
etc 
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Increase Emissions of Air Pollutants 
Year 
Total electricity energy 
consumption (kWh) 
Equivalencies to 
Carbon 
emissions 
Total number of 
vehicles 
Equivalencies to 
Carbon 
emissions 
1993  2,099,777,000   1,447,903   849,114  4,033,292 
1994  3,252,384,000   2,242,685   857,688  4,074,018 
1995  3,490,127,000   2,406,621   866,262  4,114,745 
1996  3,662,436,000   2,525,436   874,836  4,155,471 
1997  2,658,217,000   1,832,976   883,409  4,196,193 
1998  2,358,349,000   1,626,202   891,983  4,236,919 
1999  4,247,970,000   2,929,192   900,557  4,277,646 
2000  4,633,039,000   3,194,717   909,131  4,318,372 
2001  4,829,039,000   3,329,869   909,131  4,318,372 
2002  5,031,179,000   3,469,255   918,662  4,363,645 
2003  4,881,332,000   3,365,927   918,662  4,363,645 
2004  5,546,500,000   3,824,595   923,143  4,384,929 
2005  5,962,378,000   4,111,364   1,379,147  6,550,948 
2006  6,004,348,000   4,140,304   1,371,631  6,515,247 
2007  6,375,034,600   4,395,911   1,364,116  6,479,551 
2008  6,664,679,500   4,595,636   1,356,601  6,443,855 
2009  6,954,324,300   4,795,361   1,349,085  6,408,154 
2010  7,243,969,200   4,995,086   1,341,570  6,372,458 
2011  7,533,614,100   5,194,811   4,047,015  19,223,321 
2012  8,003,958,000   5,519,137   2,840,173  13,490,822 
2013 8,112,903,800  5,594,261   3,141,647  14,922,821 
For last 20 years 
increasing carbon 
from: 
 Electricity energy 
consumption  
6,013,126,800 
metric tons of 
carbon 
 Number of vehicle 
 10, 889,529 
metric tons of 
carbon  
Source: modified from statistical office and http://www.epa.gov/cleanenergy/energy-
resources/calculator.html 
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Max-Min Temperature 
20
22
24
26
28
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32
34
36
max tempt in Perak
1
min tempt in Perak 1
max tempt in Perak
2
min tempt in Perak 2
max tempt in Juanda
min tempt in Juanda
Note:  
 Maximum Temperature: 
Perak 2 - Perak 1 : 0.11oC 
Perak 2 - Juanda: 1.35oC 
 
 Minimum Temperature: 
Perak 2 - Perak 1 : 0.51oC 
Perak 2 - Juanda: 0.80oC 
Note:  
 Maximum Temperature: 
Decrease: April-August 
Increase: August-October 
Peak: October (highest), July (lowest) 
 
 Minimum Temperature: 
Decrease: May-August 
Increase: September-October 
Peak: October (highest), July (lowest) 
 
Both of the highest peak is in dry season 
Figure 4.13 Maximum Minimum Temperature in Three 
Meteorology Stations of Surabaya, 2013 
Source: www.tuitempo.net 
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Cooling Degree Days 
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Source: www.tuitempo.net 
Figure 4.14 Cooling Degree Days in Three Meteorology 
Stations of Surabaya, 2013 
Note:  
 Highest average of CDD is in Perak 2: 
332 
 Perak 1: 322 
 Juanda: 299 
 Surabaya: 953 cooling degree days 
 Highest and lowest CDD is in August 
and October (dry season) 
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Energy Use 
Years 
Total electricity 
energy 
consumption 
(billion 
kWh/year) 
Total cooling 
degree 
days/year 
Billion kWh 
per degree 
day 
Normalized 
billion 
kWh/year 
1993 2.10 3704 0.0006 2.14 
1994 3.25 3609 0.0009 3.40 
1995 3.49 3613 0.0010 3.65 
1996 3.66 3713 0.0010 3.73 
1997 2.66 3669 0.0007 2.74 
1998 2.36 3930 0.0006 2.27 
1999 4.25 3650 0.0012 4.40 
2000 4.63 3683 0.0013 4.75 
2001 4.83 3697 0.0013 4.93 
2002 5.03 3743 0.0014 5.08 
2003 4.88 3747 0.0013 4.92 
2004 5.55 3797 0.0015 5.52 
2005 5.96 3881 0.0015 5.80 
2006 6.00 3738 0.0016 6.07 
2007 6.38 3904 0.0016 6.17 
2008 6.66 3830 0.0017 6.57 
2009 6.95 3952 0.0017 6.65 
2010 7.24 3950 0.0018 6.93 
2011 7.53 3800 0.0020 7.49 
2012 8.00 3872 0.0020 7.81 
2013 8.11 3830 0.0021 8.00 
𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑘𝑊ℎ
=
𝑇𝑜𝑡𝑎𝑙 𝑘𝑊ℎ
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑑𝑒𝑔𝑟𝑒𝑒 𝑑𝑎𝑦𝑠
× 3777 𝑑𝑎𝑦𝑠 
Note:  
 Energy consumption increasing 
5.86  billion kWh, for least 20 
years 
 In 2013 Surabaya municipality 
had to provide energy for 
cooling the building 8 B kWh 
EPA, 2012 
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1. Greening program  (Environmental Protection Agency, 2013) 
 Restoration of green space function with prohibited the development or extend the lease 
for gas station and made it become green space.  
 One Million Trees Program. In Surabaya to implement this program is by giving one three 
for one birth as well as people who migrate to Surabaya and this program irreplaceable 
with amount of money. 
2. Reducing  CO2  emission in transportation sector emission (Transportation agency, 2005) 
 Based on Regional Regulation No 6/2002 it stated that it needed to examine motor 
 vehicle to made suitable with standard vehicle emission  
3 City Regulation in terms of Tree Protection (Cleanliness and Landscape Agency, 
 2010). “That tree replacement will be implemented for tree deforestation and tree 
 destruction with at least 10 trees with same characteristics and planted near the  
 area of tree destruction” 
4 Zoning codes (Planning and Development Agency, 2005) 
5 Green building standards (Department of Public Work, 2005) 
6 Building codes  (Planning and Development Agency, 2005) 
7 Procurement  (Department of Public Works, 2010) 
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State-The UHI in Surabaya has increasing 1oC over 20 years and 1.4oC differences with the 
rural area, due to insignificantly differences of urban and rural area in Surabaya. The urban 
area is represent by Perak 2, while rural area is represent by Perak 1 and Juanda station. 
Furthermore, according to Surabaya`s land use map it had shown that all area in Surabaya 
mostly is built up area with high density. 
Driving Force-Urbanization.  It increasing the population, which is give the direct pressure to 
the nature like lack of green space provision and increase air pollution.   
The impact of UHI is increasing in electricity consumption, embracing to consumption of air 
conditioning. Hence, to address that condition the response from Surabaya`s municipality is 
through manage the zoning and building codes, green building standard, city regulation to 
protect the tree and reducing CO2 emission in transportation sector, procurement and 
greenery program 
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Dependent Variable 
Years 
Maximum 
temperature 
Minimum 
temperature 
Mean 
temperature 
1993 32.50 24.40 28.45 
1994 32.43 23.94 28.19 
1995 32.32 23.90 28.11 
1996 32.73 24.26 28.50 
1997 32.51 24.19 28.35 
1998 32.90 25.25 29.08 
1999 32.29 24.30 28.30 
2000 32.05 24.59 28.32 
2001 32.45 24.31 28.38 
2002 33.01 24.20 28.61 
2003 33.17 23.97 28.57 
2004 33.12 24.23 28.68 
2005 33.10 24.86 28.98 
2006 32.91 24.56 28.74 
2007 33.10 24.86 28.98 
2008 32.95 24.56 28.76 
2009 33.42 24.83 29.13 
2010 33.12 25.12 29.12 
2011 32.81 24.61 28.71 
2012 33.16 24.65 28.91 
2013 32.66 24.93 28.80 
The mean temperature in 
Surabaya is mostly in 28oC while 
the rising temperature happened 
in 2009 and 2010 by 1oC but 
then decreasing again in 2011. In 
addition, for last 20 years the 
mean temperature in Surabaya is 
increasing by 0.45oC  
Max-Min Temperature 
Table 5.1 Maximum and Minimum Temperature in Surabaya, 
1993-2013 
Cooling Degree Days 
The average cooling degree 
days for last 20 years was 
increasing, with annual average 
is 330.62 cooling degree days. 
In addition, during 20 years 
cooling degree days was 
increasing by 10.79 cooling 
degree days 
Years 
Average 
cooling degree 
days 
1993 308.56 
1994 301.07 
1995 300.96 
1996 309.45 
1997 305.65 
1998 327.26 
1999 304.30 
2000 307.00 
2001 308.01 
2002 312.45 
2003 312.53 
2004 316.48 
2005 323.20 
2006 313.63 
2007 325.45 
2008 319.21 
2009 329.74 
2010 329.25 
2011 316.39 
2012 322.54 
2013 319.35 
Total  6612.48 
Average  330.62 
Table 5.2 Annual Average Cooling Degree Days in Surabaya, 
1993-2013 
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The number or green space in Surabaya has 
increased 89.10% for the last 20 years. The 
total area of green space in 2013 is 4.18 ha 
Area of Public Green Space 
Years 
Area of 
green space 
(km2) 
1993 0.37 
1994 0.46 
1995 0.65 
1996 0.84 
1997 1.03 
1998 1.22 
1999 1.42 
2000 1.61 
2001 1.80 
2002 2.18 
2003 2.26 
2004 2.41 
2005 2.62 
2006 2.64 
2007 2.70 
2008 2.73 
2009 3.08 
2010 3.92 
2011 4.00 
2012 4.15 
2013 4.18 
Table 5.3 Area of green space in Surabaya, 1993-2013 33 
Independent Variable 
Area of Paving 
34 
The total area of paving in 
Surabaya has increased 99% for 
the last 20 years. the total area in 
2013 is 874.52 km2  
Years 
Area of 
paving (km2)  
1993 6.12 
1994 12.51 
1995 19.16 
1996 26.08 
1997 33.26 
1998 40.83 
1999 48.79 
2000 57.14 
2001 65.88 
2002 75.01 
2003 84.53 
2004 94.44 
2005 104.74 
2006 115.43 
2007 126.51 
2008 137.98 
2009 196.58 
2010 338.69 
2011 481.06 
2012 677.79 
2013 874.52 
Table 5.4 Area of paving in Surabaya, 1993-2013 
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Area of Asphalt 
The area of asphalt expansion is 
getting wider annually.  For the last 
20 years municipality of Surabaya 
have to construct 37,013.99 km2  
asphalt 
Years 
Area of 
asphalt (km2)  
1993 861.45 
1994 2,556.10 
1995 4,293.68 
1996 6,176.86 
1997 8,205.63 
1998 10,234.40 
1999 12,263.17 
2000 14,291.94 
2001 16,320.71 
2002 18,348.87 
2003 20,376.41 
2004 22,403.34 
2005 24,429.66 
2006 26,455.37 
2007 28,480.46 
2008 30,504.94 
2009 31,339.94 
2010 32,623.98 
2011 33,908.26 
2012 35,336.01 
2013 37,013.99 
Table 5.5 Area of asphalt in Surabaya, 1993-2013 
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Electricity Energy Consumption 
There were increasing number of energy 
consumption to cooling the building, except 
declining in 1997 and 1998. In addition, for 
the last 20 years municipality of Surabaya has 
to provide 0.105 billion mWh for cooling the 
building 
Years 
Number of 
electricity energy 
consumption 
(Mwh) 
1993 1,855,188.26 
1994 2,239,407.85 
1995 2,572,808.57 
1996 2,829,815.10 
1997 2,427,471.19 
1998 2,554,865.68 
1999 4,396,366.28 
2000 4,750,873.75 
2001 4,933,441.97 
2002 4,925,790.62 
2003 5,071,000.52 
2004 5,517,110.47 
2005 5,803,290.70 
2006 6,067,334.55 
2007 6,174,341.17 
2008 6,443,733.20 
2009 6,312,208.44 
2010 6,676,630.80 
2011 7,361,073.61 
2012 7,873,960.99 
2013 8,130,562.03 
Total  104,917,275.7 
Table 5.6 Number of Electronic Energy Consumption  
in Surabaya, 1993-2013 
Carbon Emission 
The increasing number of vehicle will increase the 
number of Carbon emission in the air. In addition, 
for last 20 years the total carbon emission in 
Surabaya is 137,244,424 metrics ton of carbon 
while the number of vehicles is 28,893,563. 
Furthermore, it can be concluded that the number 
of carbon emission that come from vehicle fuel 
combustion in Surabaya has increased 72.97% 
for the last 20 years. 
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Years 
Total number 
of vehicles 
Carbon 
emission 
(metrics ton of 
carbon) 
1993  849,114  4,033,292 
1994  857,688  4,074,018 
1995  866,262  4,114,745 
1996  874,836  4,155,471 
1997  883,409  4,196,193 
1998  891,983  4,236,919 
1999  900,557  4,277,646 
2000  909,131  4,318,372 
2001  909,131  4,318,372 
2002  918,662  4,363,645 
2003  918,662  4,363,645 
2004  923,143  4,384,929 
2005  1,379,147  6,550,948 
2006  1,371,631  6,515,247 
2007  1,364,116  6,479,551 
2008  1,356,601  6,443,855 
2009  1,349,085  6,408,154 
2010  1,341,570  6,372,458 
2011  4,047,015  19,223,321 
2012  2,840,173  13,490,822 
2013  3,141,647  14,922,821 
Total  28,893,563 137,244,424 
Average 1,375,884 6,535,449 
Table 5.7 CO2 Emission in Surabaya, 1993-2013 
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Variable  Cronbach alpha  
UHI 0.995 
Factors 0.906 
Table 1. Reliability Test 
Indicators   Outer loading   
UHI 0.998 
Factors 0.998 
Area of asphalt 0.970 
Carbon emission 0.827 
Energy consumption 0.971 
Area of green space 0.988 
Area of paving 0.872 
Table 2. Convergent validity 
Variable  Composite reliability 
UHI 0.998 
Factors 0.969 
Table 3. Composite reliability 
r>0.6 
>0.7 High Consistency 
Data give significant measurement for 
the analysis  
>0.5 Indicator and latent are highly correlated, 
indicator can measure latent variable 
R square 0.407            factors are 
explaining variance of UHI by 41%  
Factors 
UHI 
Inner model 0.638            factors are 
effected UHI by 63.8%  
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Independe
nt variable 
Depende
nt 
variable 
Original 
sample 
Sample 
mean 
Standa
rd 
error 
t-stat t-value  Note 
factors UHI 0.638 0.653 0.124 5.165 2.093 Factors are 
influencing UHI  
Table 5.10 Hypothesis result test-Bootstarpping 
Indicators  UHI Factors  
CDD 0.998   
Mean temperature 0.998   
Area of asphalt   0.970 
Carbon emission   0.827 
Energy consumption   0.971 
Area of green space   0.988 
Area of paving   0.872 
Table 5.19 Weight of Indicators 
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Based on the PLS analysis, it can be found that the highest weight are provision 
of green space, electricity energy consumption and area of asphalt. Those four 
variables represent the most significant factors that influence UHI effects in 
Surabaya 
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Pavement 
No significant policy or strategy to embrace the kind of pavement for the street. In addition, use 
of pavement in Surabaya still using conventional dark pavement (asphalt) as the main pavement 
for the road 
Green Space 
 Based on regulation by Interior Ministry No 1/2007 the green area can be provided through 
park), city forest, conservation forest, city zoo, field and stadium, grave yard, paddy field, buffer 
zone, green roof, green building, open parking, riparian, and green line.  
 The National Act No 26/2007 on Spatial Planning. City/regency should provide 30% of the city`s 
area for green and open space. From the total 20% should be provided for public green and open 
space, while 10% should be provided for private 
 Tree replacement will be implemented for tree deforestation and tree destruction with at least 10 
trees with the same characteristics and planted near the area of tree destruction 
 One Million Trees Program. Requires every city/regency to provide or plant at least one million 
trees each year. They have to plant or provide trees as an action in one million trees program. Every 
school, public service, office and industry has taken a part in this program.  
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Electricity Energy Consumption 
Green building awards is being used for controlling the land use zoning, reducing energy 
use, recycling waste and be in accordance with surrounding environment. In addition, in 
green building award, citizen is given the opportunity to do self-assessment.  
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Electricity Energy Consumption  
 Establish new regulation related to green building 
 Elaborate for all aspect and integrate with others city`s strategies 
 Emphasize assessment to evaluate and implement green building 
 Clarify the procedure of the regulation (program step) 
 Increase people awareness and knowledge related green building 
Provision of Green Space 
 Provision of green space should considering the suitable tree, tree location, and tree 
density. Suitable tree is needed due to function and morphology of the tree that suitable 
to decrease high temperature. In addition, tree location is needed to plant the tree that 
suitable with the location.  
 The implementation of protect the tree regulation and one million trees program is 
strictness and involves of all city`s stakeholders with complete understanding the 
importance of green space to the city. 
 Provide city website and other media 
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 Using cool and reflective pavement and elaborate with other strategies, such as 
provision of vegetation along the road and use green building.  
 Considering the quality and time to construct 
Use of Asphalt 
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 Comprehensive strategy (policy, planning and program) was being needed to make 
appropriate solution. The integrated aspect mainly in urban planning, design and policy 
can be applied by municipality and citizen to reduce UHI.  
 Other city strategies can also become additional references to reduce UHI in Surabaya 
as long as it has characteristic similarity 
 The lesson learned to enhance the current strategies is by clarifying and focusing to the 
objective 
 There is incomplete understanding to the UHI concept and how to address it in the city 
level, although in the national level, UHI is not a new issues.  
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 Based on identifying the current strategies, can be found that municipality of Surabaya 
has implementing strategies to reduce UHI particularly in provision of green space and 
electricity energy consumption, while still lack of concern in use of asphalt. 
 Based on triangulation analysis, the municipality of Surabaya should concern to tree 
selection and location, to reduce the electricity energy consumption, municipality should 
implemented green building with emphasize to regulation and increase people 
knowledge and awareness. To reduce UHI in use of asphalt variable, municipality should 
use cool and reflective pavement with high albedo accompanied by greenery along the 
road. 
 Deeply understanding to the concept of UHI can make batter understanding for identify 
the actual condition and batter strategies to address it. 
 Making appropriate strategies it means that there is good integration and continuous 
process from policy, planning and program as well as considering the other strategies. In 
the end, strategies should achieve a sustainable development in the city 
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 Urbanization bring the direct force to the city development, provision of green space and increase 
air pollution is pressure, rising temperature over 10C and 1.40C differences between urban and 
rural area. The impact is high increasing electricity consumption and the responses are greening 
program, reducing carbon emission in the transportation sector, tree protection, zoning and building 
codes, procurement and implement green building standard 
 Enhance provision of green space by considering the selection and location of the tree, while 
increasing the publicity of the regulation. Reduce the electricity energy consumption, the municipality 
needs to implementing green building standard and give award to the Surabaya citizen. To 
decrease use of asphalt Surabaya municipality is needed to at least make city regulation related 
with using of cool pavement and greenery program along the road.  
 The most influencing factors related to UHI is provision of green space, electricity energy 
consumption and use of asphalt. The green space becomes the first influencing factor due to the 
importance to address UHI.  
 Comprehensive strategy is being needed to enhance the current strategies, to avoid overlapping 
and to integrate related departments as well as related sector. 
 Understanding the complete concept of UHI is important due to appropriate solution and making 
appropriate strategies need good integration and continuous process from policy planning and 
program  
 This research can be a references for other city or any further research related with UHI 
Summary of Key Findings and Conclusions 
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Possible Applications of Research Results  
 The municipality of Surabaya or other city which have similar characteristics can use this 
research as a reference to address UHI 
 The most significant factors can be used as a base line data for further research 
 The analysis method in this research can be used for further research  
 The recommendations to enhance the city`s current strategies for addressing UHI can be 
used by municipality of Surabaya or other city and as a reference for other research. 
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Limitation of the Results  
 Factors that used in this research is only came from scope of urban planning. It will be 
good if the factors also use urban design for the research scope. 
 The data availability in this research is not enough to covers all analysis. Therefore, using 
equivalencies is become the possible solution.  It will be good if the data is the real data 
 Strategies that used in this research is only ongoing strategies. Use of past and future 
strategies as a consideration will enhance the quality of this research.  
Future Research 
 Assessing the condition of the strategies before giving recommendation to enhance it. 
 The future research can divided the overall data to three meteorology stations not only 
nature data but also man-made data, to make it more accurate. 
 Only use particular factor to analyze UHI, will make more focus and profound to the 
result objective 
THANK YOU 
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